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ABSTRACT
Over the past few years there have been an increasing number of research articles published in Thorax on respiratory tract infections (including tuberculosis) affecting children and adults. Although these articles cover a wide variety of areas, several broad themes can be discerned. These include greater interest in viral respiratory infections (partially stimulated by the recent influenza A pandemic), improved characterisation of who is at risk of community-acquired pneumonia and mycobacterial infection, research into better diagnostics and attempts to develop new or improved scoring scales for a range of respiratory infection syndromes. There have also been a limited number of articles on how to manage patients with respiratory infection, including describing the efficacy of prevention by vaccination. Overall, there has been a discernible emphasis on transferring advances in clinical science to actual clinical practice, with several papers using molecular methodologies or measuring levels of cytokines or other potential biomarkers to improve diagnostic accuracy in patients with lung infection. There have also been manuscripts linking specific pathogen genotypes to infection phenotype, an area that is likely to be increasingly important in explaining some of the variations in severity between patients with respiratory infection. However, many questions remain on the optimum strategies for the management and prevention of pneumonia, bronchiectasis and tuberculosis, and there remains a strong need for further clinical research in order to make substantial improvements in the management of patients with lung infection.
Since January 2008 there have been w75 major research articles published in Thorax related to respiratory infections, mainly, but not exclusively, concerning community-acquired pneumonia (CAP) and tuberculosis (TB). In this review we summarise the main messages and potential impacts on clinical care for some of these articles, and briefly discuss future areas for research into respiratory infection. Although the articles represent a wide variety of research topics and methodologies, many of the articles can be grouped into a number of broad themes which we have used to form the structure of this review.
Over the past decade a major worldwide health concern has been the effects of respiratory viral epidemics, including avian influenza, severe acute respiratory distress syndrome (SARS; caused by a coronavirus) and most recently pandemic H1N1 influenza. The H1N1 pandemic first became apparent in the spring of 2009, and appears to have started in Mexico due to a triple reassortment of porcine H1N1 strains resulting in transmission from pigs to humans of a strain with human pandemic potential. 1 A serological survey in the UK demonstrated rapid spread of pandemic H1N1 in younger age groups, with approximately one in three children infected by September 2009 in some UK regions. 2 In contrast, there was no increase in the same time period in the proportion of older adults (aged $45 years) seropositive for H1N1 infection, probably due to pre-existing immunity from exposure in earlier outbreaks. 2 The current H1N1 pandemic has stimulated an extraordinary amount of scientific and public interest, resulting in >1500 articles on PubMed in <2 years and considerable media comment. This interest has been reflected by two articles and two editorials in Thorax on pandemic H1N1.
3e6 Fajardo-Dolci et al described the clinical background to fatal cases from early in the Mexican H1N1 epidemic, 3 and this was discussed by Dunning et al in an accompanying editorial which provided a useful overview of the clinical considerations with pandemic H1N1. 4 Nguyen-Van-Tam described the risk factors associated with death for patients with H1N1 in the UK. 5 An abnormal chest radiograph or raised C-reactive protein (CRP) level on admission were markers for poor outcome, and, in common with studies from other countries, obesity, asthma or other pre-existing co-morbidities were all associated with a higher mortality. In a reversal of the normal pattern of mortality for seasonal influenza, 59% of patients who died were previously healthy. One of the strongest risk factors was pregnancy, with an OR for death of 6.2 in univariate analysis. Previous influenza pandemics have been characterised by second and third waves of infection in subsequent years, and the potential for recurrent H1N1 was discussed in a prescient editorial by Thickett et al 6 just before a resurgence of H1N1 infection in the UK during late 2010. This third wave had a significant impact on use of intensive care resources and resulted in a further 411 deaths in the UK, close to the combined total of 474 deaths during the first and second waves (Health Protection Agency statistics). Experience with previous pandemics suggests that pandemic H1N1 may become a common circulating endemic influenza strain. How this will affect the existing pattern of seasonal influenza causing excess deaths mainly in the elderly and patients with co-morbidities rather than the young remains to be seen.
Mortality after viral respiratory infections is often due to concurrent bacterial pneumonia, and two papers have emphasised the association between viral and bacterial lung infection. Jennings et al performed a comprehensive survey of the incidence of respiratory viral infection in 304 patients presenting with CAP in New Zealand using viral culture, serology, PCR and immunofluroescence. 7 The results showed that 29% of cases were associated with viral infection and, in contrast to previous publications, rhinovirus was as common as influenza infection and a significant number of patients were infected with adenovirus or respiratory syncytial virus. Forty-six per cent of patients with viral infection had coinfection with a bacterial pathogen, mainly (as expected) Streptococcus pneumoniae. Interestingly co-infection of rhinovirus with S pneumoniae had an OR of 9.95 (albeit with very wide CIs) for severe CAP, defined using the CURB65 score. Why viral infection is so closely associated with bacterial pneumonia is multifactorial, and probably includes viral effects on mucociliary clearance plus increased bacterial adherence to respiratory mucosa damaged by viral infection. 8 In addition, there are increasing data on a range of viral effects on innate immunity. 8 Oliver et al demonstrated that rhinovirus infection inhibited alveolar macrophage inflammatory responses to lipopolysaccharide and lipoteichoic acid, bacterial cell wall components that are recognised by Toll-like receptors, and so could therefore inhibit effective immune responses to bacterial pathogens. 9 The importance of recognising viral respiratory infections has been reinforced by data suggesting that antiviral agents improve survival for patients infected with seasonal or pandemic influenza. 4 10 Furthermore, immunisation with pneumococcal conjugate vaccine reduces hospitalisation for viral lower respiratory tract infection in children, highlighting the importance of bacterialeviral co-infection, and offering another strategy to reduce the burden of severe respiratory disease.
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Another discernible theme in Thorax publications since 2008 is improved definition of who is at risk of CAP. The incidence of CAP is highest in young children and the elderly, and globally CAP remains the major cause of mortality and also considerable morbidity in children under 5 years of age. 12 13 Co-morbidity or environmental exposures including malnutrition, HIV or biomass fuel exposure contribute to risk and severity of disease. Two studies published in Thorax quantified the risk of CAP in adults in more detail. In a very large retrospective report from Germany of 388 406 patients, 45% of CAP cases were over 70 years old, 14 and a paper from The Netherlands found that the incidence of lower respiratory tract infections approaches 1% in 85 year olds. 15 Importantly, even in the elderly, 32% of lower respiratory tract infections were attributed to smoking and hence are potentially preventable. 15 A further Thorax article described that exposure to metal fumes doubles mortality from S pneumoniae or lobar pneumonia in working age men, 16 making this another modifiable factor for preventing CAP. The contribution of pneumococcal serotype to severity of disease was shown by the association between septic shock complicating S pneumoniae pneumonia with infections due to capsular serotype 3 strains (with an OR of 2.24). 17 With recent improvements in the molecular epidemiology of infection and the advent of high-throughput genome sequencing, linking different infection phenotypes to specific bacterial pathogen strains will be an increasingly common theme in the future. Such information will also be important for the development of improved vaccines targeting particular bacterial strains associated with severe disease. Several papers have also described risk groups for mycobacterial lung disease. This includes diabetes, which a recent Thorax paper estimated has a population-attributable risk of 11% of cases of TB in the UK, 18 similar to that for HIV co-infection (assuming that the latter is tested fordwhich even in London was found to be inconsistent across TB services). 19 The reported diabeteseTB interaction was most pronounced in Asians, a population who are also at increased risk of extrapulmonary TB. Kruijshaar and Abubakar showed that the proportion of non-pulmonary UK cases has increased between 1999 and 2006; and this largely arose in subjects born out of the country who had developed disease several years after arrival in the UK. 20 In resource-constrained environments where there is a greater prevalence of TB, a link with exposure to biomass fuel is the subject of much debate. In a nested caseecontrol study from rural India, it was estimated that over one-third of cases of pulmonary TB were attributable to exposure to biomass fuel. 21 This report clearly has considerable implications for prevention of TB, but needs to be confirmed by other workers in other geographical settings.
The significance of isolation of non-tuberculous mycobacteria (NTM) from sputum is a common clinical dilemma. Data from The Netherlands described NTM isolations between 1999 and 2005, and indicated that around one in four subjects with positive isolates satisfied American Thoracic Society/Infectious Diseases Society of America (ATS/IDSA) criteria for disease diagnosis 22 (a similar figure to reports from other centres). Although the numbers were small, they usefully categorised the clinical relevance of different species of pulmonary NTM isolates 22 (figure 1). Mycobacterium avium was one of the more common NTM species isolated, and caused disease in 50% of patients with positive respiratory cultures. Kikuchi et al presented Japanese data indicating that the risk of progressive disease with M avium could be predicted by strain genotype. 23 This observation may provide a method of risk stratifying NTM isolates, and thus assist clinicians in deciding whether to start treatment, and is another example linking genetic variation between strains of a bacterial pathogen to infection phenotype. A large French series of subjects infected with Mycobacterium xenopi delineated three patterns of disease: the classical cavitary form in patients with pre-existing lung damage, plus a nodular presentation in immunocompetent subjects and an acute pulmonary infiltrate with a higher mortality in immunosuppressed subjects. 24 Overall mortality for patients fulfilling the ATS/IDSA criteria for M xenopi infection was surprisingly high at 69% over 36 months, with 61% of deaths attributed to the M xenopi infection rather than underlying disease, demonstrating that isolation of NTM can have serious implications. The paper also reported that rifamycin-containing regimens were associated with improved survival, a helpful observation as the optimum drug regimen for many common NTMs remains unclear. 25 The accurate microbiological diagnosis of respiratory infection is often difficult due to the poor reliability of the existing routine tests and the frequent requirement for bronchoscopy to obtain an appropriate sample. Amplification of pathogen nucleic acid .
by techniques such as PCR has the potential to considerably improve sensitivity and may not require invasive sampling. PCR for respiratory viruses is increasingly routinely available (perhaps in part stimulated by the H1N1 pandemic), and there is likely to be an increased emphasis on diagnosing respiratory viral infection. Pneumocystis jirovecii pneumonia (PCP) is an important complication in immunocompromised patients and requires prolonged treatment with often toxic therapy. As such there is a need for tests that can provide microbiological confirmation of the diagnosis in high-risk individuals. Huggett et al showed that PCR for P jirovecii DNA in bronchoalveolar lavage fluid (BALF) can increase diagnostic sensitivity. 26 However, such tests may be oversensitive, as P jirovecii DNA can be detected in subjects unlikely to have PCP, with positive results in 8e68% (in HIVinfected subjects) with other final diagnoses. 26 27 These results are presumed to represent asymptomatic colonisation with P jirovecii, and illustrate the potential difficulty in interpreting the clinical relevance of a positive result using highly sensitive assays. It may be that quantification of pathogen load using realtime PCR can distinguish colonisation from infection. 26 27 Furthermore, detection of colonisation could be beneficial as this might identify subjects at high risk of developing PCP. Further research is necessary to define the role of PCR in PCP, as well as other common non-viral respiratory infections.
The recognition of a typical host response to a pathogen is an alternative approach to infection diagnosis. For example, chest radiographic changes of consolidation combined with evidence of an acute inflammatory response such as a raised temperature or CRP level is highly suggestive of CAP. However, the high incidence of alternative pathologies with a similar presentation makes recognition of ventilator-acquired pneumonia (VAP) considerably more difficult. Conway Morris et al investigated whether measuring BALF cytokine levels might assist in the identification of VAP. 28 Using a definition of VAP as >10 4 pathogen colony-forming units/ml of BALF they found that BALF interleukin 1b (IL-1b) and IL-8 levels could distinguish subjects with VAP from non-infective causes. These data may lead to a diagnostic test for VAP using biomarkers that appears to be at least partly independent of the causative pathogen. In the future, technologies such as proteomics and transcriptional arrays could be used to simultaneously measure a large range of host protein and RNA responses as biomarkers, potentially improving diagnostic specificity and sensitivity and perhaps even identifying host response 'signatures' specific for particular pathogens. Another measure of host immune response are interferon gamma release assays (IGRA) for diagnosing M tuberculosis infection, which have generated many publications in Thorax over the past 3 years. Discordant results with different tests and a high failure rate in some subjects such as children in whom they might be of most use potentially limit their utility. 29 30 However, recent Thorax publications do suggest that IGRAs may be useful for contact tracing exposed individuals in TB endemic areas with high background rates of HIV infection, 31 and play a role in new-entrant screening in lower incidence settings. 32 Furthermore, a meta-analysis confirms their potential for identifying latent TB infection. 33 In contrast to latent TB infection, blood IGRAs are not particularly helpful for diagnosing active TB disease. However, two papers have suggested that using bronchoalveolar lavage samples for commercially available IGRA or an alternative antigen stimulation test based on flow cytometry can rapidly identify cases of smear-negative pulmonary TB. 34 35 These organ-specific approaches for TB antigen tests could theoretically be extended to additional potential sites of infection such as lymph node aspirates, pleural fluid 36 or cerebrospinal fluid (CSF). In combination with modern microbiological techniques this may provide a reasonably simple and enhanced diagnostic approach to promptly confirm extrapulmonary disease in subjects at risk of active TB.
Publications on clinical scores for adult patients with CAP and other lung infections form the biggest subcategory of lung infection papers published in Thorax, and there has been considerable interest in using biomarkers as adjuncts for risk stratification. Clinical scores such as the Pneumonia Severity Index (PSI) or the CURB65 scale are widely used in clinical practice and for research to assess severity in patients with CAP. They have been validated by numerous publications including the recent large German study.
14 However, while PSI and CURB65 scales both have good negative predictive values for poor outcomes, they are less efficient at predicting high-risk patients, as illustrated by two meta-analyses published in Thorax in 2010 (and discussed in the accompanying editorial).
37e39 PSI and CURB65 scoring scales are also less accurate in elderly patients. 40 This has led to the development of additional CAP severity scoring systems such as the modified ATS/IDSA minor criteria, validated in a large study published in Thorax in 2009, 41 as well as research into the role of a wide range of biomarkers including specific cytokines, CRP, pro-calcitonin, pro-atrial naturietic peptide and pro-vasopressin. Biomarkers have been investigated in patients with CAP for their ability to improve the prediction of disease severity, 90 day mortality, failure to respond to treatment and the development of complications such as complex pleural effusions. 42e46 Several studies indicated that levels of the routinely available biomarker CRP improved the prediction of mortality, identified patients at risk of complicated parapneumonic effusion or treatment failure, and could be used to monitor treatment response, 43 44 46e48 suggesting that CRP levels could be used to direct a range of management decisions in patients with CAP. 42 In addition new clinical scores have been suggested for identifying patients with CAP at risk of complex pleural effusions 43 and predict 90 day mortality, 47 as well as to pinpoint high-risk patients with PCP 49 and define the radiological severity of pulmonary TB and identify those at risk of poor response to treatment 50 (table 1) . In contrast to papers on clinical scoring and risk factors, there have been very few studies in Thorax over the past 3 years investigating how infectious lung disease should be actually managed. For CAP some data have been published suggesting that in the UK patients under the care of a respiratory physician with non-severe CAP will have a shorter length of stay in hospital (by a mean of 1.3 days), 51 and that using urine antigen results to limit empirical antibiotic therapy is not beneficial. 52 However, intervention studies in CAP (eg, assessing whether using biomarkers to guide antibiotic duration 53 and/or for early identification of patients at risk of severe complications actually improves clinical outcomes) will require larger numbers of patients to detect the probably relatively small differences in efficacy between management strategies. As hospitalisation with CAP is a common clinical problem with significant associated mortality and morbidity, the necessary multicentre trials should be possible to organise and fund. Non-cystic fibrosis (CF) bronchiectasis is another area that requires large multicentre trials to evaluate efficacy of different management options. Although non-CF bronchiectasis affects an estimated minimum of 30 000 people in the UK, there has been a surprising lack of research papers published in Thorax or other clinical journals on this disease. Thorax articles on non-CF bronchiectasis over the past 3 years are limited to a review, an editorial to accompany the publication of the British Thoracic Society guidelines, 54 and a single research letter. 55 The latter was a small but much needed trial suggesting that prophylactic treatment with nebulised colomycin reduced sputum volume, hospital admissions and exacerbation frequency in patients with non-CF bronchiectasis compared with historical controls. These data support the findings of a recently published controlled trial of nebulised gentamicin, 56 and hopefully will lead to larger trials to provide essential data to support management of non-CF bronchiectasis. Intervention trials in CF and non-CF bronchiectasis (and even chronic obstructive pulmonary disease (COPD)) should also benefit from recently developed techniques for identifying and quantifying bacterial colonisation of the airways by amplification of DNA encoding 16S RNA or even direct sequencing of bacterial DNA.
Vaccination against infectious disease is one of the most effective public health interventions, and several recent papers in Thorax have provided data on the effects of vaccination against lung infection. A large study analysed the effects of influenza and S pneumoniae vaccination in nearly 180 000 patients with COPD. The authors demonstrated a 41% reduction in all-cause mortality for patients vaccinated against influenza, 57 reinforcing that all patients with COPD should be offered annual influenza vaccination. In contrast, despite the increased risk of CAP in COPD, vaccination against S pneumoniae had no effect on mortality. 57 The existing adult S pneumoniae vaccine consists of polyvalent unconjugated capsular polysaccharide antigens and, although it protects against systemic infection, may be poorly immunogenic in the elderly and has poor efficacy at preventing pneumonia. 58 The recently introduced childhood S pneumoniae conjugate vaccine contains capsular antigens conjugated to a carrier protein, and protects against pneumonia and invasive disease in children. The efficacy of the conjugated vaccine in adults is not known, but trial data will be available shortly and may alter vaccination policy for adults at risk of CAP. Moreover, with widespread vaccination of children, a reduction in the burden of adult disease may occur due to the reduction in prevalence of circulating vaccine serotype S pneumoniae.
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Although BCG vaccination against TB has been used for 90 years, two articles and an editorial published in Thorax in 2010 offered further insight on its efficacy. 60e62 Eriksen et al found that for UK children exposed to a smear-positive index case, prior BCG vaccination reduced the risk of acquisition of infection, as measured by a positive IGRA response. 60 Jeremiah et al observed that subjects in Tanzania with pulmonary TB without previous BCG vaccination were more likely to be sputum positive for acid-fast bacilli after 2 months of treatment than those who had received BCG. 61 These data suggest BCG vaccination may enhance host immunity to TB both in the initial infective period and during actual disease. How this occurs, and if it is a real effect, remain uncertain. Mycobacterium vaccae immunotherapy did not confer any such treatment benefit in the recent BTS NTM trial, 25 although a live attenuated bacterial vaccine approach could still be potentially effective in boosting immunological responses to new vaccines as well as in the management of drug-resistant TB. 63 Although the last 3 years have seen substantial research related to respiratory infectious disease, the research output in this area has been relatively low considering the massive impact of viral, fungal and bacterial lung infection on respiratory health. We do not think this reflects a publication bias against infection, but more the lack of active research in this field despite the major areas where further clinical or translational research is badly required. These include better diagnostics for childhood and adult pneumonia, controlled trials of therapies for non-CF bronchiectasis, showing how biomarkers and rapid diagnostics can improve the management of not only CAP but also hospitalacquired pneumonia and VAP, and the role of the conjugated S pneumoniae vaccine in preventing CAP and its effects on the epidemiology and aetiology of pneumonia. In addition, there is a strong need for better methods for diagnosing active TB infection, finding correlates of protection for TB infection and disease, rapid identification of causative pathogens for immunosuppressed patients presenting with pneumonia, and more detailed descriptions of the airway microbiome during health and in a variety of disease conditions such as HIV infection, COPD and bronchiectasis. We also need a better understanding of the long-term impact of infectious diseases such as TB on individual health status after apparent cure, 64 as well as the healthcare and societal costs associated with different treatment stratagems. 65 Research in these areas plus advances in microbiology and assessing hostepathogen interactions will hopefully lead to substantial improvements in the management of patients with lung infection, and we look forward to future publications in Thorax addressing these questions.
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